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Three related experiments were conducted at the proton radiography (pRad) facility to explore
the interfacial dynamics between two sliding materials. A drawing of the apparatus used in these
experiments can be seen in Figure 1.

These experiments used a tantalum �yer launched by a high-explosive plane-wave lens to impact
the �at end of a right circular cylindrical target consisting of a core of tantalum in an aluminum
shell. The purpose of the experiment is to study the shock dynamics in the vicinity of the Ta/Al
interface as the impact produced shock travels along the interface. The experiments differ in the
targets used (shown in Figure 4). The targets along with the the identi�ers and dates for the three
shots are listed in Table 1.

pRad 645 H4971 LNSC-25709 11/08/2016 Alt 1 Target
pRad 646 H4972 LNSC-25710 11/09/2016 Alt 2 Target small Ta diam.
pRad 647 H4997 LNSC-25711 11/10/2016 Alt 2 Target large Ta diam.

Table 1: Identi�ers, dates and targets for interfacial dynamics experiments. The last column refers
to which side of an Alt 2 target is impacted by the tantalum �yer (see Figure 4).

Twenty-one proton radiographs were collected in each experiment, the relative timing of which
are listed in Tables 2 and 3. The images were taken with the identity lens so they had a �eld
of view approximately 12 cm by 12 cm. The �eld of view was placed such that it was centered
approximately halfway along the central axis of the target but offset to one side so that it roughly
coincided with the interface between the two target materials. A �ducial, shown as parts 5 and 6
on Figure 2, is visible along the edge of each radiographic image for reference.

Sixteen PDV (photon doppler velocimetry) probes were deployed to observe the �ight of the �yer,
the impact of the �yer on thin foils coplanar with the surface of the target and the emergence of the
shock from the opposite end of the target. The layout of the probes are shown in Figure 3.

The tantalum material used in the targets is 99.95% pure; a quote for the material is found in Figure
5 and the material certi�cation in Figure 6. The aluminum material used in the targets was of the
6061-T6 alloy; no material certi�cations were obtained for these components.

Drawings for the components used in the apparatus can be found starting in Figure 7. Unfortu-
nately, drawings for the P100 lens (part 7 in Figure 2) are not available. It is expected the velocity
of the �yer will be around 3 to 4 mm/� s at impact. Photographs taken from the three experiments
prior to �ring can be found following Figure 16.
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Image Time (� s) Camera Image Time (� s) Camera Image Time (� s) Camera
1 0.00 1 8 3.50 I 15 7.50 J
2 0.50 K 9 4.00 L 16 8.25 M
3 1.00 N 10 4.50 O 17 9.00 P
4 1.50 H 11 5.00 R 18 9.75 9
5 2.00 T 12 5.50 U 19 10.50 2
6 2.50 Q 13 6.00 8 20 11.25 S
7 3.00 7 14 6.75 V 21 12.00 3

Table 2: Camera times for shot pRad 645. The time for the �rst camera was set to 36.05� s after
the �reset CVR signal was generated. The goal was to have the �rst image taken 33.3� s after
detonator breakout.

Image Time (� s) Camera Image Time (� s) Camera Image Time (� s) Camera
1 0.00 1 8 3.50 I 15 7.00 J
2 0.50 K 9 4.00 L 16 7.50 M
3 1.00 N 10 4.50 O 17 8.25 P
4 1.50 H 11 5.00 R 18 9.00 9
5 2.00 T 12 5.50 U 19 9.75 2
6 2.50 Q 13 6.00 8 20 10.50 S
7 3.00 7 14 6.50 V 21 11.25 3

Table 3: Camera times for shots pRad 646 and pRad 647. The time for the �rst camera was set to
34.55� s after the �reset CVR signal was generated. The goal was to have the �rst image taken
31.8� s after detonator breakout.
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Figure 1: Dimensions of interfacial dynamics experiment assembly.
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Figure 2: Bill of materials for interfacial dynamics experiment.
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Figure 3: PDV probe layout for interfacial dynamics experiment.
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Figure 4: Target assemblies of interfacial dynamics experiment.
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Figure 5: Quote for tantalum used in targets.

Page 7 of 64

UNCLASSIFIED



March 1, 2017 UNCLASSIFIED Doc. Number

Figure 6: Material certi�cation for tantalum used in targets.
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Figure 7: Component drawing.
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Figure 8: Component drawing.
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Figure 9: Component drawing.
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Figure 10: Component drawing.
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Figure 11: Component drawing.
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Figure 12: Component drawing.

Page 14 of 64

UNCLASSIFIED



March 1, 2017 UNCLASSIFIED Doc. Number

Lo
s 

A
la

m
os

N
at

io
na

l L
ab

or
at

or
y

M
at

er
ia

l

N
am

e
D

at
e

C
om

m
en

ts

D
ra

w
n

C
he

ck
ed

S
he

et
S

iz
e:

 A
R

ev
. A

E
ng

 A
pp

r

A
ll 

un
its

 in
 in

ch
es

.
 U

nl
es

s 
ot

he
rw

is
e 

no
te

d:
X

.X
 

0.
1

X
.X

X
 

0.
01

X
.X

X
X

 
0.

00
2 

 A
ll 

A
ng

le
s 

0.
5

U
N

C
LA

S
S

IF
IE

D

P
ro

ce
ss

50
5-

50
0-

24
76

.0
40

4.
25

0

P
R

ad
 ID

E
F

ly
er

T
an

ta
lu

m

1.
 S

he
et

 s
to

ck
 w

ill
 b

e 
pr

ov
id

ed
 -

 0
.0

40
"-

th
ic

k.

Figure 13: Component drawing.
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Figure 14: Component drawing.
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Figure 15: Component drawing.
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Figure 16: Component drawing.
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Figure 17: Photo of pRad 645 shot assembly by Alan Novak
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Figure 18: Photo of pRad 645 shot assembly by Alan Novak
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Figure 19: Photo of pRad 645 shot assembly by Alan Novak
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Figure 20: Photo of pRad 645 shot assembly by Alan Novak
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Figure 21: Photo of pRad 645 shot assembly by Alan Novak
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Figure 22: Photo of pRad 645 shot assembly by Alan Novak
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Figure 23: Photo of pRad 645 shot assembly by Wendy Vogan McNeil
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Figure 24: Photo of pRad 645 shot assembly by Wendy Vogan McNeil
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Figure 25: Photo of pRad 645 shot assembly by Wendy Vogan McNeil
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Figure 26: Photo of pRad 645 shot assembly by Wendy Vogan McNeil
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Figure 27: Photo of pRad 645 shot assembly by Wendy Vogan McNeil
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Figure 28: Photo of pRad 645 shot assembly by Wendy Vogan McNeil
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Figure 29: Photo of pRad 645 shot assembly by Wendy Vogan McNeil
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Figure 30: Photo of pRad 645 shot assembly by Wendy Vogan McNeil
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Figure 31: Photo of pRad 645 shot assembly by Wendy Vogan McNeil
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Figure 32: Photo of pRad 645 shot assembly by Wendy Vogan McNeil
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Figure 33: Photo of pRad 645 shot assembly by Wendy Vogan McNeil
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Figure 34: Photo of pRad 645 shot assembly by Wendy Vogan McNeil
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Figure 35: Photo of pRad 645 shot assembly by Wendy Vogan McNeil
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Figure 36: Photo of pRad 646 shot assembly by Alan Novak

Page 38 of 64

UNCLASSIFIED



March 1, 2017 UNCLASSIFIED Doc. Number

Figure 37: Photo of pRad 646 shot assembly by Alan Novak
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Figure 38: Photo of pRad 646 shot assembly by Alan Novak
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Figure 39: Photo of pRad 646 shot assembly by Alan Novak
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Figure 40: Photo of pRad 646 shot assembly by Alan Novak
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Figure 41: Photo of pRad 646 shot assembly by Wendy Vogan McNeil
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Figure 42: Photo of pRad 646 shot assembly by Wendy Vogan McNeil
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Figure 43: Photo of pRad 646 shot assembly by Wendy Vogan McNeil
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Figure 44: Photo of pRad 646 shot assembly by Wendy Vogan McNeil
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Figure 45: Photo of pRad 647 shot assembly by Alan Novak
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Figure 46: Photo of pRad 647 shot assembly by Alan Novak
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Figure 47: Photo of pRad 647 shot assembly by Alan Novak
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Figure 48: Photo of pRad 647 shot assembly by Alan Novak
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Figure 49: Photo of pRad 647 shot assembly by Alan Novak
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Figure 50: Photo of pRad 647 shot assembly by Alan Novak

Page 52 of 64

UNCLASSIFIED



March 1, 2017 UNCLASSIFIED Doc. Number

Figure 51: Photo of pRad 647 shot assembly by Alan Novak
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Figure 52: Photo of pRad 647 shot assembly by Alan Novak
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Figure 53: Photo of pRad 647 shot assembly by Alan Novak
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Figure 54: Photo of pRad 647 shot assembly by Alan Novak

Page 56 of 64

UNCLASSIFIED



March 1, 2017 UNCLASSIFIED Doc. Number

Figure 55: Photo of pRad 647 shot assembly by Alan Novak
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Figure 56: Photo of pRad 647 shot assembly by Wendy Vogan McNeil
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Figure 57: Photo of pRad 647 shot assembly by Wendy Vogan McNeil
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Figure 58: Photo of pRad 647 shot assembly by Wendy Vogan McNeil
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Figure 59: Photo of pRad 647 shot assembly by Wendy Vogan McNeil
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Figure 60: Photo of pRad 647 shot assembly by Wendy Vogan McNeil
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Figure 61: Photo of pRad 647 shot assembly by Wendy Vogan McNeil
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Figure 62: Photo of pRad 647 shot assembly by Wendy Vogan McNeil
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